This paper describes some aspects o f a pronunciation dictionary for Swedish, "Svenskt Utlalslexikon" (SUL), which is piesenUy developed at our departm ent This dictionary provides, among other items, three kinds o f information about Swedish pronunciation that are not included in standard dictionaries: information on v a ria n ts, on inflected form s and com pounds, and on p ro p e r nam es. SUL is organized as a m achine-readable lexical database which in its present form contains approxim ately 1 0 0 . 0 0 0 headwords. The run-dm e system comprises four separate processing modules: an inflection engine, a compound engine, the transcripUon engine, and the dicUonary search algorithm . In addiuon to phonetic and phonological information, SUL also aim s to supply various kinds of paradigmadc, syntagmatic and stadsucal inform adon, needed for the linguisdc processing stages in text-to-speech synthesis and autom adc speech recognidon.
i. Introduction
L arg e-scale, h ig h -q u a lity , m ac h in e-rea d a b le p ro n u n cia tio n d ictio n a rie s a re a fu n d am e n ta l p re req u isite fo r p ro g ress in v a rio u s area s o f sp eech and lan g u a g e te c h n o lo g y . F o r in sta n c e, m o d e m sp eech sy n th esis sy stem s req u ire access to a d ic tio n a ry in o rd e r to lo o k u p th e p ro n u n cia tio n o f in d iv id u al w o rd s and c o m p o u n d s w h ic h are to b e co n v e rted from o rth o g ra p h ic te x t to sp eech . T h e o th e r w ay ro u n d , au to m a tic sp e ech rec o g n itio n sy stem s n ee d p ro n u n cia tio n in fo rm a tio n from larg e-v o cab u lary lex ical d ata b a ses in o rd e r to m atc h d ie in co m in g sp eec h sig n al a g a in st p o ssib le w ord candidates.
H o w ev er, w hile sp e llin g -to -so u n d c o n v e rsio n (an d its rev e rse ) a d m itte d ly c o n stitu te s o n e im p o r ta n t reaso n fo r th e u se o f sp ecialized p ro n u n cia tio n d ictio n a rie s in c o m p u te r sp e e c h sy n th e sis and reco g n itio n , it is c ertain ly n o t th e o n ly o n e. L in g u istic p ro ce ssin g m o d u le s th a t p e rfo rm sy n ta c tic an d sem an tic p a rsin g are b e c o m in g m o re an d m o re in te g rate d in to b o th sy n th e sis an d rec o g n itio n sy stem s, w ith th e p u rp o se to su p p ly re le v an t in fo rm a tio n f o r e .g . p ro so d ic p ro c e ssin g , p a u se m ark in g , d isam b ig u a tio n , an a p h o ric reso lu tio n , an d th e d e te c tio n an d c o rre c tio n o f e rro n e o u s in put.
In o rd er to be ab le to su p p o rt th ese m o d u le s in an e fficie n t w a y , i.e. in te g ra tin g b o th th e sp e e c h p ro cessin g an d n a tu ra l lan g u a g e p ro c e ssin g sta g e s o f th e o v erall sy stem , v a rio u s k in d s o f m o rp h o lo g ical, sy n tactic, sem a n tic and ev en c o n te x t-o rie n te d in fo rm a tio n n ee d to b e in c lu d e d in th e d ictio nary.
O rd in ary d ictio n aries d o n o t p ro v id e th e se d iffe re n t ty p es o f in fo rm a tio n w ith in o n e sin g le, co m p reh en siv e d ata stru ctu re th a t is im m e d ia te ly a c cessib le to sp o k e n la n g u a g e p ro c e ssin g (S L P ) in c o m p u te r sp eech sy n th e sis an d rec o g n itio n . F o r in stan ce, co n v en tio n al d ia io n a rie s , in as fa r as th e y co m p rise an y p h o n o lo g ic al in fo n n a tio n at all. u su ally in clu d e o n ly on e, i.e. th e m o st co m m o n an d le a s t stig m atiz ed (n o t n e c essa rily th e sam e!) lex ical p ro n u n cia tio n fo r ea ch h ead w o rd in som e k in d o f b ro ad p h o n e m ic tran sc rip tio n . T h e y th u s ig nore the in h eren t v ariab ility o f n atural h u m an sp e ec h , d icta te d b y in flu en ce s o f s o c io le a , d ialect, and v a rio u s featu res o f sp eak er id io sy n crasy . E v e n m o re im p o rta n tly , th ey do n o t p ro v id e an y sy stem atic in fo n n a tio n ab o u t altern a tiv e p ro n u n c ia tio n s th a t ty p ic a lly o c c u r in c o n tin u o u s, co n n ected sp e ech , i.e. in clu d in g dilTerent k in d s (and d e g re e s !) o f a ssim ilia d o n , red u ctio n , n e u tralizatio n , and elisio n o f in d iv id u al sp e ec h so u n d s, caused b y in flu e n ce s o f c o a rd c u la tio n . sp e e c h rate , and stress.
T h e in te n d e d u s e r o f a co n v en tio n al d ictio n ary is a h u m an bein g . W ith th is in m in d , lex ico g rap h ers h a v e o v e r th e c e n tu rie s asp ired to o p tim ize th e se lectio n , in terp re tatio n an d p rese n ta tio n o f the m ate ria l to b e c o lle c te d in a d ictio n ary . M a ch in e -re ad a b le d ictio n a rie s, o n th e o th e r h a n d , are n o t w ritte n p rim a rily fo r in te llig en t h u m an u sers, b u t h a v e to d eal w ith th e n atu ral lan g u a g e p ro cessin g an d sp eech sig n al p ro c e s s in g m o d u le s o f c o m p u te r sy stem s. T h is ap p are n tly trivisd o l» e rv a tio n has a n u m b e r o f far-re a ch in g c o n seq u e n c e s c o n c ern in g b o th d ie sele c tio n an d th e o rg an izatio n o f the le x ic a l item s. T h u s, c o n v e n tio n a l d ictio n a rie s im plicitly assu m e th a t th e ir u se rs h av e access to o th e r so u rces o f lin g u istic and factu al k n o w le d g e, and are able to ex tract an d co m b in e in fo rm atio n from v a rio u s so u rc e s in a s o p h istic a te d and e x p e rien c ed m an n er. O n th e co n tra ry , w h en c o m p u ters access d a ta in a m ac h in e -re a d a b le d ictio n ary , all in fo rm a tio n m u st b e stated explicitly, i.e. e ith e r b y w ay o f e x h a u stiv e listin g , o r retrie v ab le b y a p p ly in g a set o f w ell sp e cifie d , fo rm a lize d ru les. A s a c o n se q u e n c e , d ictio n a rie s fo r ap p lic atio n s in th e fie ld s o f sp eech an d la n g u a g e te c h n o lo g y co m p a red w ith tra d itio n al, h u m an -o rie n te d lex ic a, h a v e to m e e t c o n sid erab ly h ig h e r d e-m an d s in expli citness, exhaustiveness an d consistency.
T h is p a p e r d isc u sse s so m e a sp ec ts o f a p ro n u n cia tio n d ictio n a ry fo r S w ed ish , "S v en sk t U ttalslex ik o n " (S U L ), w h ic h is p rese n tly d e v e lo p e d at o u r d e p a rtm e n t fo r u se in c o m p u te r sp eech synth esis an d reco g n itio n . S ev eral early v e rsio n s o f th e w o rk h a v e b e e n d o c u m e n te d , i.e. ^e d e l i n 1986), (H e d e lin 1987) and (H e d e lin 1989) . C ertain ad d itio n al asp ects o f th is d ictio n ary are also describ ed in H u b e r (1 9 9 0 ). T h is p rese n t article fo cu se s m ain ly o n th e fo rm alizatio n arxl rep resen tatio n o f p h o n o lo g ica l (c h a p te r 3) an d m orphological (ch a p ter 4 ) in fo rm a tio n w ith in th e S U L lex ical d atab ase. T h e tre a tm e n t o f sy n tag m a tic in fo rm a tio n in fu tu re e x te n sio n s o f S U L is d iscu ssed in a sep arate p a p e r p u b lish e d w ith in th is v o lu m e (cf. H u b e r 1992). In a d d itio n to th e se o b lig a to ry en tries, S U L also co n ta in s field s fo r th e sto ra g e o f in fo rm atio n o n a lte rn a tiv e s p e llin g s and pro n u n cia tio n s, o n in flectio n al irre g u la ritie s W ord C lass (Part-af-Speech) E a c h h ea d w o rd is classified ac co rd in g to its n o rm a l u sa g e in to o n e o f th e c a te g o rie s noun, p ronoun, verb, adverb, adjective, num eral, preposition, conjunction, anammelse anamnes anamnestisk anamnctisk anamorfos ananas /ä'nam nnelsa/ s5 /a n a m 'n e :s / s3 /a n a m 'n e s tis k / a3 /a n a m 'n e .lis K / a3 /a n a m o r1 o :s / s3 r an n a n a s / 
Lexicon Structure

3, Pronunciation
.1 B a c k g r o u n d
C on v en tio n al d ictio n aries o f S w ed ish , in as far as th ey p ro v id e an y p h o n o lo g ic a l in fo rm a tio n at all, g en era lly seem to tre a t p ro n u n c ia tio n in a ra th e r ad h o c a n d u n th e o re tic al w ay . T h a t is, o ld e r dictio n aries, d atin g b ack to th e b e g in n in g o f th is c e n tu ry o r ev e n e a rlie r (e.g . D a lin 1850, S A O B 1898, L y ttk en s & W u lff 1911) o fte n u se n o tatio n sy stem s th a t d o n o t co n fo rm w ith o u r p rese n t stan d ard s o f e ith e r b ro ad "p h o n em ic" o r n a rro w "p h o n etic" (i.e. a llo p h o n e -o rie n te d ) tra n sc rip tio n . M o te recen t, g e n eral-p u rp o se d ictio n a rie s (e.g. M o ld e 1977, ö s te r g re n 1981, A llé n e t al 1986, M alm strö m e t al 1988, (jo U in d er 1989) u su a lly p ro v id e p ro n u n c ia tio n in fo rm a tio n fo r a s u b se t o f h ead w o rd s o n ly , an d o fte n use n o ta tio n sy ste m s b a sed o n g r^h e m i c a n a lo g ie s r a th e r th a n o n estab lish ed p h o n e tic tra n sc rip tio n s (e.g. IP A 1949). O n ly few d ic tio n a rie s o f S w e d ish in c lu d e sy stem atic in fo rm atio n o n p ro n u n cia tio n u sa g e fo r all lex ic al e n tries, all o f th em , h o w e v e r, c o v e rin g o n ly a v e ry lim ite d an d h ig h ly sp e cializ ed su b se t o f p re se n t-d a y S w e d ish v o c a b u la ry s u c h a s fo r in stan ce g e o g r a i^c a l n a m e s (e.g. S p rN 1 9 7 7 ,1 9 7 9 ,1 9 8 1 ). T h e o n ly m o re rec e n t, g e n e ra l-p u rp o se S w ed ish d ictio n ary w h ic h p ro v id es tran sc rip tio n s sy ste m atic a lly fo r all h e a d w o rd s is L e x in (1 9 8 4 ), a 12.(XX)-headword lex ic o n in ten d e d p rim a rily fo r u se in te a c h in g S w ed ish a s a seco n d lan g u ag e. S F L -o rien ted in fo rm a tio n o n the p ro n u n cia tio n o f S w ed ish c a n a lso b e fo u n d in a n u m b e r o f m u lti-lin g u a l, fo re ig n -lea rn e r d ictio n arie s p u b lish ed ab road.
U ntil recen tly , th e S w ed ish L an g u a g e C o u n cil (S v 107 Q e a r iy , th e re is a n u rg en t n eed fo r th e c o m p ila tio n o f a larg e-sc ale, h ig h -q u a lity p ro ru n c ia tio n d ictio n a ry o f m o d e m S w ed ish , w h ic h m e e ts th e sta n d ard s o f p re se n t-d a y p h o n e tic s and lex ico lo g y , an d w h ic h n e ed s to b e p ro v id e d b o th as a m ac h in e-rea d a b le e le c tro n ic d a ta b a se fo r use in c o m p u ter sp e e c h a p p lic atio n s, a^ a s a c o n v e n tio n al h ard -c o p y lex ic o n f o r in terested h u m a n u sers. S im ilar d ictio n a rie s are a lre ad y a v ailab le o r u n d e r d e v e lo p m en t fo r a n u m b e r o f E u ro p e an (e.g. W ells 1990, M o lb s k H a n se n 1990) an d n o n -E u ro p e a n (e.g. E D R 1990) lan g u ag es.
J N o ta tio n
P rin c ip a lly , th e tra n sc rip tio n o f p ro n u n c ia tio n c a n b e e ith e r n a rro w (allo p h o n e-o rie n ted ) o r bro ad (p h o n em e o rie n te d ). F o r so m e ap p licatio n s (e.g. sp e ec h sy n th esis o r ^a k e r v erificatio n ) a n a rro w , a llo p h o n ic tra n s c rip tio n m a y b e d e sire d , w h ere as fo r o th e r p l i c a t i o n s (e.g. au to m atic speech re c o g n itio n ) a b ro a d tra n sc rip tio n m a y b e m o re u se fu l (cf. H u b e r 199 0 fo r a m o re d eta iled d isc u ssio n ). B a se d o n th e s e req u irem e n ts, S U L fo llo w s a n e ssen tia lly d u a l p r o a c h , viz:
• all tra n sc rip tio n s listed e x p lic itly in th e S U L d a ta b a se a re b a sic a lly phonem e-oriented, • a llophone-oriented tra n sc rip tio n s are g en era ted b y ru le w h e n e v e r req u ired . Table 2 . Phoneme-to-allophone conversion in SUL.
2 .1 B r o a d T ranscription
T h e n o ta tio n sy stem u se d in S U L fo r tra n sc rip tio n s at th e p h o n e m e le v e l is b a sed o n th e follo w ing p h o n e m e co n cep ts: T h e d istin c tio n b e tw e e n lo n g and sh o rt consonants, o n th e o th e r h a n d , is n o t m ain ta in e d in th e S U L sy stem a t a ll, i.e. th e d u ratio n sig n / : / is u sed fo r v o w e ls on ly . H o w ev er, fo r a n y lo n g sy lla b le c o n ta in in g a sh o rt v o w e l and o n ly o n e c o n so n an t, th e c o n so n an t sy m b o l is re p eated in all p h o n e m e tra n sc rip tio n s, su c h as fo r in stan ce in / 'k a li/, / 'ta k k / an d / 'tak k a /, b u t n o t in / 'k a lt/ o r / 'tald a/.
J J N arrow T ranscription
S U L u se s 4 6 aU ophone la b e ls to d e scrib e th e in h ere n t v a ria b ility o f th e S w ed ish p h o n e m e sy stem .
T h e se lab els are liste d and e x e m p lifie d b e lo w in th e ta b le s 3 (v o w e ls) a n d 4 (c o n so n a n ts). T h e au th o rs i^l o g i z e th a t fo r tec h n ical rea so n s it h a s n o t b e e n p o ssib le to c o rre c tly re p ro d u c e all th e d iacritic sy m b o ls in th is re p o rt (cf. ap p e n d ix C). [ b ] bo [ d ] N o te also th a t th e tra n sc rip tio n s in o u r d ictio n ary freq u e n tly u se d ie allo p h o n e [a] in fo reig n lo an w o rd s w h e re th e o rth o g ra p h ic sp e llin g u se s "0 " (e.g . in "ab o litio n "). S o m e tra n scrib ers m ig h t p refer to u s e th e a llo p h o n e [cd] in th ese co n te x ts. A n o th e r fin e d istin ctio n in S w ed ish co n c ern s th e d iffe re n c e b e tw e e n th e sh o rt allo p h o n e s n o
4, Morphology in SUL
T h e in clu sio n and a d e q u ate rep re sen ta tio n o f m o rp h o lo g ic a l in fo n n a tio n in a p ro n u n c ia tio n d ictio n ary , b o th fo r m an an d m ac h in e, se rv e s sev eral im p o rta n t p u rp o se s. W o rd in fle ctio n , b o th in th e o ith o g ra p h ic and in th e p h o n e tic d o m a in is th e m a in m o tiv a tio n . T h e g e n e ra tio n o f d e riv e d fo rm s and co m p o u n d s, ag ain b o th in a w ritte n a n d a sp o k en v e rsio n , is a lm o st e q u a lly im p o r ta n t C o m p u ter sy stem s w ith o u t acce ss to m o rp h o lo g ical d a ta w o u ld n e e d to re s o rt to a n e x h a u stiv e listin g o f all th e p o ten tia lly p o ssib le in fle cte d fo rm s fo r e a ch le x e m e in o rd e r to c o rre c tly asso c ia te in co m in g w o rd c a n d id a te s w ith th e ir le x ic a l h e a d s as th e y a p p e a r in th e d ic tio n a ry . T h is k in d o f e x p lic it listin g is n o t o n ly h ig h ly u n e c o n o m ica l (an d u n in te llig e n t!) in p ra c tic a l ^rp lic a tio n s , it w o u ld also b e o u trig h t im p o ssib le w ith reg ard to th e p ra c tic a lly u n lim ite d n u m b e r o f c o m p o u n d s an d d eriv atio n s co n tain ed in lan g u ag es lik e S w ed ish .
S w ed ish is b o th an in flectio n a l lan g u a g e an d a lan g u a g e w ith a stro n g p o ten tial to fo rm n e w w o rd s b y co m p o u n d in g and b y d eriv atio n . A ll th re e o f th e se m o rp h o lo g ical p ro c e sse s m a y (a n d o fte n d o !) ch an g e th e p h o n o lo g ic al realizatio n o f a w o rd in a v a rie ty o f w a y s, in clu d in g f o r in sta n c e stress sh ifts, red u ctio n s, assim ilatio n s, e lisio n s, sy n c o p e and ep en tiiesis. T h e s e c h a n g e s are g o v e rn e d b y a larg e set o f ru les an d , u n fo rtu n ately , a n e v e n la rg e r lis t o f ex c ep tio n s.
In an alo g y w ith th e ap p ro ach p rese n te d b y H e llb e rg (1 9 7 8 ), S U L a tte m p ts to ctq>ture th e m o rp h o p h o n em ic v a ria b ility o f S w ed ish in a rep resen tatio n al fo rm a t w h ic h in te g ra te s th e ch a n g es o f th e w o rd s in d u ced b y co m p o u n d in g an d d e riv a tio n w ith th e ir in fle ctio n . It m u st b e iqrpreciated in th is co n tex t th a t th e in flectio n al an d d e riv atio n al b e h a v io u r o f w o rd s in S w ed ish , lik e in m an y o th e r lan g u a g e s, is co n sid e rab ly m o re c o m p le x in th e p h o n o lo g ic a l th a n in th e o rth o g ra p h ic a l do m ain . F o r in stan ce, stress sh ifts and c h a n g es in w o rd accen t p a tte rn s are m a n ife ste d in sp o k e n lan g u a g e on ly . T h e sam e ap p lies to p h e n o m e n a lik e vo w el sh o rte n in g o r th e re a liz a tio n o f th e m u te final "e" in w o rd s lik e "g arag e". M o rp h o lo g ica l sy ste m s fo r u se in sp o k e n la n g u a g e p ro ce ssin g th erefo re req u ire a sig n ifican tly la rg e r n u m b e r o f p a ra d ig m s th an sy ste m s w h ic h o p e ra te so le ly in th e d o m ain o f w ritten lan g u a g e su ch a s th a t o f H ellb erg . S U L n e e d s to o p e ra te in b o th d o m ain s, i.e. it n e e d s to h a n d le in fle ctio n , d e riv a tio n an d c o m p o u n d in g b o th in w ritten a n d in sp o k e n lan g u ag e , in o rd e r to b e u se fu l in a p p lic a tio n s s u c h as tex t-to -sp eech sy n th esis and sp e ec h -to -te x t co n v e rsio n (i.e. a u to m atic sp e e c h rec o g n itio n ). T h e m o rp h o lo g ical system im p lem en ted in o u r d ictio n a ry th ere fo re c o m p rise s in its p re se n t fo rm a to tal o f 5 0 0 p arad ig m s, as co m p ared fo r in sta n ce w ith H e llb e rg 's tex t-b a se d sy ste m o f 2 3 5 p a ra d ig m s (H ellb erg 1978) . D u rin g o p e ra tio n in th e ru n -tim e sy ste m , th e p a ra d ig m s are a u to m a tic ally co n v e rted in to ex e c u ta b le ru le s f o r stem g e n e ra tio n an d fo r su fflx m erg e. A d ual s e t o f in fle c tio n s is th u s g e n era ted , o n e fo r th e o rth o g ra p h ic a n d o n e fo r th e p h o n e tic d o m ain.
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Status and Goals
T h e S w ed ish p ro n u n ciatio n d ictio n a ry (S U L ) d escrib ed in th is p a p e r c o m p rise s in its p re s e n t fo rm a to tal o f a p p ro x im ately lOO.CXX) h ead w o rd s, e a c h w ith a fu ll g ra p h e m e re p re se n ta tio n (in clu d in g relev an t alte rn a tiv e sp e llin g s), a h o m o g r^h in d ex ( if req u ired ), a w o rd c la ss s p e c ific a tio n , th e p arad ig m fam ily co d e, and a b ro ad " p to n e m ic " tra n sc rip tio n (in c lu d in g a c ce n tu a tio n an d w o rd lev el stress) rep re se n tin g stan d a rd p ro n u n cia tio n u sag e. P ro p e r n a m e s a re fu rth e r c la ssified a s n a m e s o f p e rso n s, {daces, p ro d u cts, etc. S o m e ety m o lo g ic a l in fo rm a tio n is in c lu d e d , m a in ly fo r w o rd s o f fo re ig n o rig in and f o r "o u td ated " S w ed ish w o rd s still in u s a (e.g . in lite ra ry lan g u a g e).
T h e d ictio n ary in co rp o rate s an in fle ctio n e n g in e , a co m p o u n d e n g in e and an tra n sc rip tio n e n g in e , w h ich to g e th e r are cap ab le o f g e n e ra tin g all p o ssib le in fle cted fo rm s (i.e. T h e se fig u res are b a sed o n th e e v a lu a tio n w ith te x t i n p u t W e h a v e n o t y e t e v a lu a te d th e p erfo rm an ce o f S U L in th e rev erse task , v iz. fo r sp o k e n lan g u a g e in p u t in sp p licaticm s s u c h as au to m atic sp e ech reco g n itio n . O u r g oals fo r th e fu tu re in clu d e (i) to e x te n d th e n u m b e r o f h e a d w o rd s from th e p re se n t 1 0 0 .000 en tries to ap p ro x im ately 1S0.(X)0 e n tries, (ii) to in cre ase th e n u m b e r o f v a ria n t tra n sc rip tio n s rep resen tin g a ltern ativ e p ro n u n cia tio n s, and (iii) to in co rp o rate v a rio u s k in d s o f sy n ta g m a tic in fo rm atio n (cf. H u b e r 1W 2 ). F in ally , w e w o u ld lik e to m e n tio n th a t e a rlie r v e rsio n s o f S U L h a v e a lre ad y b e e n a c q u ired by o th e r g ro u p s o f rese arc h e rs w o rk in g in th e Held o f sp o k e n lan g u a g e p ro c e ssin g , b o th in sid e and o u tsid e academ ia. W e are p rese n tly w o rid n g w ith c o m p ilin g a M a c in to sh b a sed v e rsio n o f S U L w h ich w e h o p e to b e ab le to m ak e a v ailab le to o th e r rese a rc h e rs w ith in th e n e a re st fu tu re. W e h av e also b een a i^r o a c h e d w ith th e su g g e stio n to p ro v id e a h a rd -c o p y e d itio n o f S U L f o r th e g e n e ra l p u b lic, b ased o n a selectio n fro m th e la rg e r h ie o f lex ical d a ta c o m p ile d a t o u r d e p a rtm e n t (cf. ap p en d ix C ).
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